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This is the fourth of a series of investigations on nicotine
insecticides conducted by this Bureau in cooperation with the
Bureau of Agricultural and Industrial Chemistry. Part I of this
geries (E-646 issued in 1945) reported a study of complex salts
containing nicotine, usually combined with a metal. Part II
(E-709 issued in 1946) described tests with a large number of mate-
rials to find activators for nicotine. Part III (E-720 issued in
1947) is a study of the effect of various carriers on the toxicity
of nicotine sulfate. The present study is of the insecticidal
properties of 48 nicotinium salts and reports the preliminary tox-
icity tests with these salts in an attempt to correlate chemical
composition with toxicity to insects.

0f the numerous derivatives of nicotine prepared and tested
as insecticides, the nicotinium salts have received comparatively
1ittle attention. The few published insecticide tests on com-
pounds of this type have indicated little if any superiority to
nicotine or to the nicotine compounds when tested simultaneously.
For example, Swingle and Cooper (7) found that dimethyl nicotinium
sulfate in combination with bentonite was relatively ineffective
against the imported cabbageworm ((Ascia) Pieris rapae (L.)), the
diamondback moth (Plutella maculipennis (Curt.)), the greenhouse
leaf tier (Phylctaenias rubigalis (Guen)), the -southern armyworm
(Prodenis eridania (Cram.)), and the green cutworm ((Lycophotia)
Anicla infecta (Ochs.)). Hansberry snd Norton (2) reported that

1/ The authors are indebted to E. R. McGovran (transferred to
Office of Experiment Stations, November 3, 1946) and G. T. Bottger,
Division of Control Investigations, for supervision of the entomo-
logical tests; to Florence B, Talley, Eastern Regional Research
Laboratory, for the preparation of most of the mixtures and assist-
ance in some of the entomological tests; and to R. C. Provost,
Eastern Regional Research Laboratory, for the preparation of some
of the nicotine derivatives. 4



dodecyl nicotinium bromide, didodecyl nicotirium dibromide, dodecyl
picotinium iodide, and didodecyl nicotinium difodide were inferior to
nicotine alkaloid in toxicity to Aphie rumicis L. The studies of
Austin, Jery, and Martin (1) indicated that the Tinocine D (a long-
chain nicotinium bromide) possessed good surface-active properties and
approximated nicotine in toxicity when compared on an equimolar basis
against the hop aphid (Phorodon humuli (Schr.)). Dodecyl nicotinium
bromide, didodecyl nicotinium dibromide, and octadecyl nicotinium
bremide have been patented as insecticides by Oadeshott (4, 5) in Great
Britnin and in this country, but no insecticide data are disclosed in
the patents. '

The present study of the insecticidal properties of 48 nicotinium
salts was undertaken ir an attempt to correlate chemical composition
with toxicity to insects, and to ascertain, if possible, the most
promising nicotinium cations and anions for further concentrasted efforts.
In view of the fungicidal activity of nicotinium salts reported by
Howard, Keil, Weil, and Woodward (3) and in further consideration of
the data herein reported, it appears probable thet certain derivatives
of this class may have both insecticidel and fungicidsl properties.
This paper deals only with preliminary tests in which an attempt wes
made to obtaln some indicetion of pnssible promising compounds in this
series.

Materials

The nicotinium halides listed in tables 1 and 2 were prepared by
resction of the corresponding alkyl or areslkyl halides with nicotine
according to the procedure of von Walther and Weinhegen (8) . The mono-
alkyly and monoaralkyl nicotinium halides resulted from chemicel com-
bination of the approprieste organic hslide with nicotine in equimolec-
ular proportions. In the cases of the monoaralkyl nicotinium hnlides
1t was assumed that the organic halides had reacted predominately with
the nitrogen of the N-methylpyrrolidine nucleus of nicotine because it
is more basic than the pyridyl nitrogen. The dialkyl and diaraslkyl
nicotinium dihalides were prepered by reacting the corresponding organic
helides with nicotine in a molecular ratio of 2t1. The nicotinium p-
toluenesulfonstes were prepared by essentially the same procedure as was
employed for the nicotinium halides,

The salts containing anions other than helides or p-toluenesulfonates
were prepared by the metathetical reaction of a aicotinium helide with
the sodium or potassium salt of the appropriate anion,

Comperisons of the toxicities of the nicotinium salts with nicotine
or nicotine sulfate were made on an equimolar basis in both sprays and
dust applications. In tests with dusts the quentity of nicotinium salt
equivalent to 5 percent of nicotine was mixed with pyrophyllite,



The following insects were used in these tests: First and fourth
instars of the southern armyworm (Prodenia eridenie (Cram.)); fourth
instars of the melonworm (Diaphenie hyalinate (L.)), the southern
beet webworm (Pachyzancla bipunctelis (?.)), end the besn leaf roller
(Urbanus proteus (L.)); adults of the three-striped blister beetle
(Epicauta lemniscata (7.)), epider mites (Tetranychus 8pp.), and an
aphid, Macrosiphum ambrosise ( Thos.) .

Methods and Procedure

The procedure used in testing the nicotinium salts was similar to
that described by Swingle (6) and reported in Part I of this series.
In tests against the melonworm sprays or dusts were applied to pumpkin
leaves, and sections of these leaves were then fed to fourth instars in
petri dishes. Fourth instars of the southern armyworm and the southern
beet webworm, and adults of the blister beetle were exposed in a similar
menner to dusted or sprayed pigweed leaves. First instars of the
southern armyworm were allowed %o feed on dusted or sprayed sections of
collard leaves in cloth-covered vials. The bean leaf roller was allowed
to feed on sprayed sections of bean leaves in petri dishes. The host
plant for the spider mites was celery and for the aphids, wild lettuce.
All toxicant applications were in spray form in tests against the spider
mite, and Macrosiphum ambrosise.

Although the procedures used afford an opportunity for fumigating
action, as well as stomach-poison and contact action, it is believed
that the nicotinium salts are ineffective as fumigants since they are
essentially nonvolatile.

The approximate numbers of insects employed in the tests were as
follows: Leaf-feeding larvae and adult blister beetles, 20-30; spider
mites, 75-150; Macrosiphum ambrosiae, 40-150.

In gpray tests the mortality counts on the leaf-feeding larvae and
the blister beetles were generally made 2 and 4 days after the toxicant
applications, whereas in the dust tests they were made 2 or 3 days after,
Departures from this procedure were occasionally made in the case of
unusually high or low mortalities, or heavy feeding. Mortality counts
on the spider mites and the aphids were made 2 days after the applica-
tions.

Discussion of Results

It was impossible to test all the nicotinium compounds against all
seven species of insects listed above, since many of them were avail-
able for only part of the testing period. Only the melonworm and the
southern armyworm were employed throughout the tests; consequently this
discussion of relative effectiveness is based largely on the tests against
these two insects. Test data on the compounds showing a higher toxicity

than that shown by the nicotine or nicotine sulfate standard on the same



day to either or both of these insects are listed in table 1, This
table also gives data on all insects against which the compounds were
tested.

Compounds that were relatively nontoxic to 21l the insects against
which they were tested are listed in table 2. Except where indigated
otherwise, the compound was less toxic than the stipulated standard.

Dimethyl nicotinium diiodide and methyl nicotinium iodide gave
higher mortalities of the insects against which they were tested than
were obtained by the use of the standard. Dodecyl nicotinium p-tolu-~
enesulfonate was more toxic than the nicotine standard to the melon-
worm and to the first-instar southern armyworm, but less toxic than
DDT to the fourth-instar southern armyworm or than lead arsenate to the
bean leaf roller. The other compounds listed in table 1 were relative-
1y nontoxic to the southern armyworm, whereas all the compounds were
more toxic than nicotine sulfate or nicotine to the melonworm,

It appears that the dodecyl cation is more toxic than the other
cations, since 8 of the 10 dodecyl compounds tested are found in
table 1, The methyl cation group seems to be second best, since 2 of
the 3 materials containing this cation are found im table 1, Among the
anions, the only iodide, diiodide, and propionate tested appear in
table 1, whereas the dibromide and oleate ions appear once in esach
table., The number of compounds and the number of tests with each com-
pound make these comparisons indicative rather than conclusive.

Summary

The toxicity of 48 nicotinium salts to the melonworm (Diaphania
hyalinata (L.)), the southern armyworm (Prodenia eridsnia (Cram.)),
spider mites (Tetranychus spp.), and to certain other insects wes in-
vestigated in a limited number of preliminary tests.

Methyl nicotinium iodide, dimethyl nicotinium diiodide, and dodecyl
nicotinium p-toluenesulfonate were more toxic to insects used than
nicotine sulfate, or nicotine, when tested on the basis of equal amounts
of nicotine. In addition, 13 other compounds were found to be more
toxic to the melonworm than the nicotine, or nicotine sulfate standard,
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